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Abstract 
The flight trajectory of a non-spinning or low-spinning soccer ball may fluctuate in unpredictable ways, with 
anomalous horizontal shaking or rapid falling. This “knuckling shot” is famously exploited by Cristiano Ronaldo in 
his free kicks. However, the technical aspects of kicking a knuckling shot are still unclear, and considerable analysis 
is required. In this study, we used high-speed video cameras to compare the knuckling shot with curve and straight 
shots. The results indicate that the angle of attack in the knuckling shot (3.3 ± 0.9°) was smaller than those in the 
straight and curve shots (19.3 ± 2.4°, 32.6 ± 3.9°, respectively). In sum, we demonstrated that in the knuckling shot, 
reduced angles of attack between the face and swing vectors at the impact surface and the primarily translational 
motions at ball impact are fundamental mechanisms. 
© 2012 Published by Elsevier Ltd.  
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1. Introduction 
In soccer, the knuckling shot is a kicking technique in which no or low rotations are applied to the ball, 
thereby making it move irregularly. As a result of the excitation of an irregular vortex oscillation in the 
ball wake, the knuckling shot, also known as the knuckleball, results in a ball path that wavers or drops 
[1].  Previous studies on the non-spinning knuckleball have measured the steady aerodynamic forces in a 
wind tunnel [2, 3] and have investigated the causes of irregular variation in ball flight path using the 
visualization tests [4, 5]. However, there are few studies on the kicking motions and ball impact 
characteristics during a knuckling shot. 
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dimensional (2D) coordinates were obtained through digitizing. After digital filtering with a three-point 
moving average, ball velocity, and ball rotational frequency were determined. 
Fig. 2. Experimental set up 
The face vector at impact was defined as a normal vector of the line from the toe point to the heel point in 
the horizontal plane. The swing vector at impact was defined as the average velocity vector of the toe and 
heel points. The angle of attack was defined as the angle between the face and swing vectors (Figure 3).  
Fig. 3. Definition of the angle of attack 
3. Results and Discussion 
3.1.  Ankle joint displacement at ball impact 
As shown in the typical example in Figure 4, during ball impact from the top view (a), the straight shot 
and knuckling shot are nearly identical: the direction of motion of displacement in both is somewhat bent 
toward the inside of the swing. However, the direction of motion is significantly directed toward the 
outside in the curve shot. Moreover, this displacement is considerably greater in the curve shot (-50 mm) 
than in the straight shot and knuckling shot (4 mm and 1 mm, respectively). In the side view (b), the 
straight shot moves downward (-10 mm) whereas both the knuckling shot and curve shot moves upward 
(5 mm and 15 mm, respectively). Similar trends were observed for the other subjects as well (Table 1). 
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Fig. 4. Sample images of ankle joint displacement during ball impact from the top view (a, c); the side view (b, d) 
In addition, the average ball rotational frequency in the horizontal axis was highest for the straight shot 
(-4.0 ± 1.8 r/s) and lowest for the knuckling shot (0.9 ± 0.5 r/s). Moreover, on the vertical axis, the curve 
shot showed the highest average rotational frequency (7.4 ± 1.2 r/s), while the knuckling shot had the 
lowest one (0.6 ± 0.3 r/s). From these results, it can be considered that the ankle joint motion during ball 
impact for the knuckling shot has greater translational motion than in the case of the other shots.  
Furthermore, we analyzed the lateral and horizontal velocities of the ankle joint during ball impact. 
The deceleration in the lateral velocity is greater for the curve shot (-2.3 ± 0.5 m/s) than those for the 
straight and knuckling shots (-1.1 ± 0.3 m/s and -0.6 ± 0.2 m/s, respectively), while the deceleration in the 
horizontal velocity is greater for the straight shot (-3.8 ± 0.5 m/s) than those for the knuckling and curve 
shots (-2.5 ± 0.3 m/s and -2.1 ± 0.4 m/s, respectively).  
From these results, it can be considered that the ankle joint motion during ball impact for the knuckling 
shot has greater translational motion than in the case of the other shots. 
Table 1. Lateral and vertical displacements and revolution number of ball (mean ± SD). (- and + show outside and inside directions 
respectively in the lateral displacement; - and + show lower and upper directions respectively in the vertical displacement.) V-axis is 
side spin and H-axis is top (+) or back spin (-) in the revolution number of ball 
Lateral displacement 
(mm) 
Vertical displacement  
(mm) 
Revolution number of ball (r/s) 
V-axis H-axis 
Straight shot 10.2 ± 4.2 -8.5 ± 1.9 1.2 ± 0.5 -4.0 ± 1.8 
Knuckling shot 2.3 ± 1.1 6.1 ± 2.1 0.6 ± 0.3 0.9 ± 0.5 
Curve shot -45.9 ± 5.0 13.1 ± 2.1 7.4 ± 1.2 2.4 ± 1.1 
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